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(54) CHIP RESISTOR AND FTS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize low resistance and low TOR 
(temperature coefficient) characteristics, and in addition, high 
precision and high reliability, in a chip resistance used for a circuit 
part of various electrical equipment 
SOLUTION: This chip resistor comprises a substrate 1 , a 
resistance layer 3 of copper/nickel alloy formed at least on one 
side of the substrate 1 , upper surface electrode layers 2 which are 
formed on both end parts of the resistance layer 3, respectively, so 
as to be brought into surface-contact with the top surface, and an 
end surface electrode layer 5 provided so as to cover the top 
surface electrode layer 2. In particular, since joint of the resistance 
layer 3 and the top. surface electrode layer 5 is metal joint, no such 
impurity affecting on characteristics exists on an interface between 
them, thereby the chip resistor of excellent heat-resisting property, 
low resistance and low TCR characteristics is realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An insulating substrate and the resistive layer which consists of the copper / nickel alloy 
powder, and the glass frit which were prepared at least in one side of this insulating substrate, The top- 
face electrode layer of the pair prepared in the both ends of this resistive layer so that field contact might 
be carried out from a top face, respectively. The chip resistor which is equipped with the end-face 
electrode of the pair prepared in the both-sides side of said insulating substrate so that a part of field 
electrode layer [ at least ] may besides be covered, and is characterized by junction in said resistive layer 
and said top-face electrode layer being metal junction. 

[Claim 2] The chip resistor according to claim 1 characterized by the resistance of a top-face electrode 
layer being lower than a resistive layer. 

[Claim 3] The chip resistor according to claim 2 characterized by a top-face electrode layer consisting of 
a copper electrode or a silver electrode, 

[Claim 4] An insulating substrate and the inferior-surface-cf-tongue electrode layer of the pair prepared 
in the both ends of at least one side of this insulating substrate, The resistive layer which consists of the 
copper / nickel alloy powder, and the glass fiit which were prepared so that the inferior-surface-of- 
tongue electrode layer of this pair might be connected. The top-face electrode layer of the pair prepared 
in said inferior-surface-of-tongue electrode layer of this resistive layer, and the both ends which counter 
so that field contact might be carried out from a top face, respectively. The chip resistor which is 
equipped with the end-face electrode of the pair prepared in the both-sides side of said insulating 
substrate so that a part of field electrode layer [ at least ] may besides be covered, and is characterized by 
junction in said resistive layer and said top-face electrode layer being metal junction. 
[Claim 5] The chip resistor according to claim 4 characterized by the resistance of a top-face electrode 
layer and an inferior-surface-of-tongue electrode layer being lower than a resistive layer. 
[Claim 6] The chip resistor according to claim 4 characterized by a top-face electrode layer and an 
inferior-surface-of-tongue electrode layer consisting of a copper electrode or a silver electrode. 
[Claim 7] The process which forms the resistive layer which becomes at least one side of an insulating 
substrate from copper / nickel alloy powder, and a glass frit, The process which forms and calcinates the 
top-face electrode layer of a pair to the both ends of this resistive layer so that field contact may be 
carried out from a top face, respectively. The manufacture approach of the chip resistor characterized by 
having the process which forms the end-face electrode of a pair in the both-sides side of said insulating 
substrate so that a part of top-face electrode layer [ at least ] by which sintering formation was carried 
out may be covered, and the resistive layer by which sintering formation was carried out, and the top- 
face electrode layer being joined by metal junction. 

[Claim 8] The manufacture approach of the chip resistor according to claim 7 characterized by carrying 
out sintering formation at the temperature of 600-1000 degrees C under the reducing atmosphere which 
is under nitrogen-gas-atmosphere mind about a resistive layer and a top-face electrode layer, or 
contained hydrogen. 

[Claim 9] The process which forms the inferior-surface-of-tongue electrode layer of a pair in the both 
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ends of at least one side of an insulating substrate, The process which forms the resistive layer which 
consists of copper / nickel alloy powder, and a glass frit so that the inferior-surface-of-tongue electrode 
layer of this pair may be connected, The process which forms and calcinates the top-face electrode layer 
of a pair to the both ends of this resistive layer so that field contact may be carried out from a top face, 
respectively, It has the process which forms the end-face electrode of a pair in the both-sides side of said 
insulating substrate so that a part of top-face electrode layer [ at least ] by which sintering formation was 
carried out may be covered. The manufacture approach of the chip resistor characterized by the inferior- 
surface-of-tongue electrode layer, resistive layer and resistive layer by which sintering formation was 
carried out, and the top-face electrode layer being joined by metal junction, respectively. 
[Claim 10] The manufacture approach of the chip resistor according to claim 9 characterized by carrying 
out sintering formation at the temperature of 600-1000 degrees C under the reducing atmosphere which 
is under nitrogen-gas-atmosphere mind about a resistive layer and a top-face electrode layer, or 
contained hydrogen. 

[Claim 1 1] The baking resistor layer which is prepared in both sides of a ceramic substrate and consists 
of copper / nickel alloy powder at least and by which sintering formation was carried out, The terminal 
electrode prepared so that a part of each both ends of the baking resistor layer of these both sides might 
be covered at least. The sintering particle diameter of the baking resistor layer which was equipped with 
the end-face electrode prepared in the both-sides side of said ceramic substrate so that a part of each 
both ends of this terminal electrode might be covered at least, and was prepared at least in one side of 
said ceramic substrate by 30 micrometers or less And the chip resistor characterized by the thickness 
being 40 micrometers or less. 

[Claim 12] The chip resistor characterized by having the metallic foil which consists of copper / nickel 
or nickel / chromium at least, and the baking resistor layer which is prepared on this metallic foil and 
consists of copper/nickel at least, and by which sintering formation was carried out, and for the sintering 
particle diameter of said baking resistor layer being 30 micrometers or less, and that thickness being 40 
micrometers or less. 

[Claim 13] The metallic foil which was prepared at least in one side of a ceramic substrate and which 
consists of copper / nickel or nickel / chromium at least. The baking resistor layer which is prep^ed on 
this metallic foil and consists of copper nickel at least and by which sintering formation was carried out. 
The terminal electrode of the pair prepared so that a part of each both ends of this baking resistor layer 
might be covered at least, The chip resistor characterized by having the end-face electrode prepared in 
the both-sides side of said ceramic substrate so that a part of each both ends of this terminal electrode 
may be covered at least, and for the sintering particle diameter of said baking resistor layer being 30 
micrometers or less, and that thickness being 40 micrometers or less. 

[Claun 14] The chip resistor according to claim 13 characterized by using the metal wire which replaces 
with a metallic foil and consists of copper / nickel or nickel / chromium at least. 

[Claim 15] The metallic foil which was prepared in one side of a ceramic substrate and which consists of 
copper / nickel or nickel / chromium at least. The baking resistor layer which is prepared in another one 
side and consists of copper/nickel at least and by which sintering formation was carried out, The 
terminal electrode of the pair prepared so that a part of each both ends of this baking resistor layer might 
be covered at least. It has the end-face electrode prepared in the both-sides side of said ceramic substrate 
so that a part of a part of each both ends of this terminal electrode and both ends of a metallic foil might 
be covered at least. The smtering particle diameter of said baking resistor layer by 30 micrometers or 
less And the chip resistor characterized by the thickness bemg 40 micrometers or less. 
[Claim 16] The metal wire which was prepared in one side of a ceramic substrate and which consists of 
copper / nickel or nickel / chromium at least. The baking resistor layer which is prepared in another one 
side and the top face of said metal wire, and consists of copper/nickel at least and by which sintering 
fonnation was carried out. The terminal electrode prepared so that a part of each both ends of the baking 
resistor layer of these both sides might be covered at least, It has the end-face electrode prepared in the 
both-sides side of said ceramic substrate so that a part of each both ends of this terminal electrode might 
be covered at least. One [ at least ] sintermg particle diameter of said two baking resistor layers by 30 
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micrometers or less And the chip resistor characterized by the thickness being 40 micrometers or less. 
[Claim 17] The chip resistor indicated by either of claims 11-16 characterized by leaving a part of the 
end-face electrode [ at least ], and covering the whole by resin. 

[Claim 18] The process which forms in both sides of a ceramic substrate the resistor layer which 
consists of copper / nickel alloy powder at least. The process which forms a terminal electrode so that a 
part of each both ends of this resistor layer may be covered at least, The process which calcinates this 
after forming an end-face electrode in the both-sides side of said ceramic substrate so that a part of each 
both ends of this terminal electrode may be covered at least, The manufacture approach of the chip 
resistor characterized by forming in thickness within the limits which can perform trimming according 
the thickness of the resistor layer which was equipped with the process which trims this calcinated 
resistor, and was prepared at least in one side of said ceramic substrate to laser. 
[Claun 19] The manufacture approach of the chip resistor characterized by forming in thickness within 
the limits which can perform trimming according the thickness of a resistor layer to laser when forming 
the resistor layer which consists of copper/nickel at least on the metallic foil which consists of copper / 
nickel or nickel / chromium at least and performing trimming after baking. 

[Claim 20] The process which forms the metallic foil or metal v^re which becomes at least one side of a 
ceramic substrate from copper / nickel or nickel / chromium at least, The process which forms the 
resistor layer which consists of copper/nickel at least on this metallic foil or a metal wire, The process 
which forms the terminal electrode of a pair so that a part of both ends of this resistor layer may be 
covered at least. The process which calcinates this after forming an end-face electrode in the both-sides 
side of said ceramic substrate so that a part of both ends of a part of each both ends of this terminal 
electrode and a metallic foil, or a metal v^re may be covered at least, The manufacture approach of the 
chip resistor characterized by forming in thickness within the limits which can perform trimming 
according the thickness of the resistor layer which was equipped with the process which trims this 
calcinated resistor, and was prepared at least in one side of said ceramic substrate to laser. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section Fig. of the chip resistor in the gestalt of operation of the 1 st of this 
invention 

[Drawing 2] The production process Fig. of the gestalt of this operation 

[Drawing 3] The type section Fig. of the chip resistor in the gestalt of operation of the 3rd of this 
invention 

Prawing 4] The type section Fig. of tiie chip resistor in the gestalt of operation of the 4th of this 
invention 

[Drawing 5] The type section Fig. of the chip resistor in the gestalt of operation of the 5th of this 
invention 

[Drawing 6] The type section Fig. of the chip resistor in the gestalt of operation of the 6th of this 
invention 

[Drawing 7] The type section Fig. of the chip resistor in the gestalt of operation of the 7th of this 
invention 

[Drawing 8] The type section Fig. of the chip resistor in the gestalt of operation of the 8th of this 
invention 

[Drawing 9] The type section Fig. of the chip resistor in the gestalt of operation of the 9th of this 
invention 

[Drawing 10] The perspective view showing signs that resin coating was performed as a protective layer 
in the chip resistor in the gestalt of operation of the 4th of this invention 
[Drawing 11] The same section notching sectional view 

[Drawing 12] The perspective view showing the configuration of the conventional chip resistor 
[Drawing 13] This A-A' sectional view 
[Description of Notations] 

1 Substrate 

2 Top-Face Electrode Layer 

3 Resistive Layer 

4 Protective Coat Layer 

5 End-Face Electrode Layer 

6 Nickel Plating Film 

7 Solder Plating Fihn 

8 Inferior-Surface-of-Tongue Electrode Layer 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] ^ , 

[Field of the Invention] This invention relates to the chip resistor which has low resistance and a low 
TCR property especially, and its manufacture approach about the chip resistor widely used for an 
electronic circuitry. 

[0002] ^ ^ 

[Description of flie Prior Art] The miniaturization of these electronic equipment and high performance- 
ization are referred to as dependent on the miniaturization of the chip mold electronic parts with the 
steadily increasing need of small electronic equipment used for this, and high performance-ization, and 
it will not be an overstatement from now on so that it may be represented by a cellular phone, a movie, 
the notebook computer, etc. in recent years. The constituent which uses as a principal component the 
ruthenium acid bismuth which are ruthenium oxide and its multiple oxide as a thick film resistor, and 
lead ruthenate is known (for example, refer to JP,58-37963,B), and it is used in various fields. 
[0003] An example of the manufacture approach of the conventional chip resistor is explained based on 
a drawing. Drawing 12 is the perspective view showing an example of the structure of the conventional 
square shape chip resistor, and drawing 13 is a sectional view in the A- A' section of drawing J2 . First, 
next, the manufacture approach of this kind of square shape chip resistor forms the up electrode 1 1 in 
the top face of the alumina substrate 10 of the shape of a chip which consists of an alumina 96%, and it 
forms a resistor 12 in a part of top face of the alumina substrate 10 so that it may connect with the 
above-mentioned up electrode, and generally, it forms in it the protective coat 14 which consists of lead 
borosilicate system glass so that this resistor 12 may be covered fruther completely. Generally, the 
above-mentioned protective coat 14 is formed by calcinating at the elevated temperature of 500-800 
degrees C, after screen-stencil performs pattern formation. 

[0004] Next, the end-face electrode 13 which becomes with the thick film of Ag system is formed in the 
edge surface part of the above-mentioned alumina substrate 10 so that the up electrode 1 1 may be 
connected, and this end-face electrode 13 is formed by generally calcinating at the elevated temperature 
near 600 degree C at this time. In order to secure the dependability when soldering at the end, nickel 
plating film 15 was formed by electroplating so that the above-mentioned end-face electrode 13 might 
be covered, and the solder plating fihn 16 was formed so that this nickel plating film 15 might be 
covered, and the square shape chip resistor has been obtiained. 

[0005] Although the thick-film glaze resistor mgredient which generally uses ruthenium oxide as a 
principal component as an electric conduction particle used as a resistor in the chip resistor 
manufactured by the above manufacture approaches is used With the resistor ingredient which consists 
only of this ruthenium oxide, since the temperature coefficient of resistance (henceforth TCR) which 
shows the temperature change of resistance became large, it needed to use by adding TCR adjustment 
material, such as a metallic oxide, by making it the low value of less than about ♦*50 ppm/degree C. 
[0006] However, when such a resistor ingredient was used, since the specific resistance of ruthenium 
oxide was high, it was difficult [ it ] to form the chip resistor which has the low resistance of lohm or 
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less. Therefore, it is JIS as a low resistor ingredient lohm or less. The chip resistor using copper/nickel 
alloy with a small temperature coefficient of resistance which is indicated by C2521 and this C2532 is 
proposed. 

[0007] That is, after printing the structure of processing the configuration of a foil or a plate and sticking 
this alloy ingredient on an alumina substrate, and the resistive paste which kneaded copper powder, 
nickel powder, and a glass frit with the organic vehicle on an alumina substrate, the thing of the structure 
which form the alloy fihn be propose by calcinating in an inert atmosphere ( refer to JP,2-308501,A and 
JP,3-270104,A). 

[0008] ^ . 

[Problem(s) to be Solved by the Invention] However, in the case of the former, the approach of 
processing an alloy foil or an alloy plate had a limitation, while the configuration of a chip was 
progressing towards the miniaturi2ation increasingly, and trimming could not use laser, but there was a 
limitation in polishing, and since it was [ still in cost / the printing approach ] disadvantageous, it was 
seldom the thing excellent in mass-production nature. 

[0009] moreover , since in the case of the latter glass be use for adhesion of the resistor film and a 
substrate or adjustment of resistance and many components other than copper and nickel be contained , 
while the temperature coefficient differed from the physical properties value of copper nickel alloys , 
since the diffusion behavior to the inside of a metal component or a sintering particle interface changed 
with baking conditions , the glass component had the technical problem that the stable resistance 
property be hard to be acquire . 

[0010] Furthermore, in order that the property of the terminal electrode of the electric supply section and 
the structure of a resistor / electrode interface might influence the property as a resistor greatly in the 
mull technique using copper and nickel powder, as resistance, even lOOmohm was a limitation, and it 
was difficult to realize still lower resistance. 

[001 1] While the configuration of recent years and a chip resistor serves as an inclination of a 
miniaturization increasingly like the above-mentioned, the requests of a chip resistor which are the low 
resistance used for current detection of an electronic circuitry etc., and have a low TCR property are 
mounting increasingly, and, in addition to low resistance and a low TCR property, it is anxious for a 
chip resistor with which are satisfied of high degree of accuracy and high-reliability from the engine 
performance of an application in which it is used fiirther. 

[0012] This invention ahns at offering the chip resistor which solves the technical problem mentioned 
above, and has especially lohms or less of the low resistance not more than lOOmohm and low TCR 
properties in response to the above-mentioned request, and has high-reliability, and its manufacture 
approach. 
[0013] 

[Means for Solving the Problem] The resistive layer which this invention becomes from the 
copper/nickel alloy formed at least in one side of an insulating substrate and this insulating substrate. 
The top-face electrode layer of the pair formed so that field contact of each of the both ends of this 
resistive layer might be carried out from a top face. Since it is the chip resistor which has the end-face 
electrode of the pair formed in the both ends of said insulating substrate as a part of field electrode layer 
[ at least ] is besides covered, and junction of a resistive layer and a top-face electrode layer is especially 
performed by metal junction. It is not placed between interfaces by impvirity which affects a property, 
but the chip resistor which are low resistance and a low TCR property, and was excellent in thermal 
resistance is obtained. 
[0014] 

[Embodiment of the Invention] 

(Gestalt 1 of operation) Drawing 1 shows the cross section of the chip resistor in the gestaU of operation 
of the 1st of this invention. In drawing, 3 is a resistive layer and is carrying out printing formation with 
thick-fihn techniques, such as screen-stencil, using the resistive paste which becomes one side of the 
rectangular insulating substrate (it is only hereafter called a substrate) 1 from an alloy presentation as 
shown in (Table 1). Next, printing formation of the top-face electrode layer 2 is carried out by the same 
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approach as a resistive layer 3 so that field contact may be carried out with a resistive layer 3 to the both 
ends of the pair which counters a substrate 1 , and coincidence baking of this resistive layer 3 and the 
top-face electrode layer 2 is carried out in neutral atmosphere or reducing atmosphere. Then, the end- 
face electrode layer 5 is formed in the part which is not covered with the both ends of a pair to which the 
protective coat layer 4 is formed so that a part of this resistive layer 3 may be covered, and a substrate 1 
counters in the shape of a KO character, and the protective coat layer 4 of a resistive layer 3. 
Furthermore, the wrap nickel plating film 6 is formed for this end-face electrode layer 5, and the solder 
plating film 7 is formed on this nickel plating film 6. 

[001 5] Below, the production approach of a chip resistor is explained in full detail. Resistive paste used 
as the inorganic composition the mixed fine particles which added the glass frit to this using copper / 
nickel alloy powder (atomizing powder with a mean particle diameter of 5 micrometers). The glass fi-it 
made this tfie organic vehicle constituent using what was comparatively alike, and added and melted 5% 
of the weight of the ethyl cellulose which is an organic binder for lead borosilicate glass by terpineol for 
the vehicle component to the metal powder. These inorganic compositions and an organic vehicle 
constituent were kneaded with 3 rolls, and it considered as resistive paste. 

[0016] Next, top-face electrode paste made this the organic vehicle constituent at the vehicle component 
using what melted the ethyl cellulose which is an organic binder by terpineol using copper powder 
(mean particle diameter: 2 micrometers) or silver dust (mean particle diameter: 5 micrometers). These 
inorganic compositions and an organic vehicle constituent were kneaded with 3 rolls, and it considered 
as top-face electrode paste. 

[0017] Thus, while printing a resistor pattern on a substrate 1 (96% alumina substrate) using the screen 
version and drying said adjusted resistive paste for 10 minutes at the temperature of 100 degrees C, it 
printed continuously to the predetermined pattem as uses the screen version for the top face of a resistor 
pattem and shows said top-face electrode paste to drawing 1 , and was made to dry for 10 minutes at the 
temperature of 100 degrees C. Next, coincidence baking of a resistor and an electrode is performed in 
the profile to which this substrate 1 is made as for nitrogen-gas-atmosphere mind baking, coincidence 
formation of a resistive layer 3 and the top-face electrode layer 2 is carried out, after dividing a substrate 
1 further and preparing a copper electrode as an end-face electrode 5, as a protective coat of a resistive 
layer 3, the protective coat layer 4 was formed by screen-stencil, and resin hardening of the epoxy resin 
was carried out on 160 degrees C and the conditions for 30 minutes. It evaluated about the temperature 
coefficient (TCR) and dependability (the elevated-temperature shelf test, spalling test) of the resistance 
of the made resistor element, and resistance. 

[0018] Moreover, after forming the copper electrode or silver electrode which contains a glass frit as an 
up electrode 1 1 so that it may become structure as shown in drawing 13 as an example of a comparison, 
After printing what pasted an alloy powder, glass, and an organic vehicle like the above on the alumina 
substrate 10 (96% alumina substrate) and making it dry for 10 minutes at the temperature of 100 degrees 
C, it heated on the baking conditions shown in (Table 1) under N2 ambient atmosphere, and the resistor 
was calcinated. 

[0019] Next, the evaluation approach of the resistor after baking is shown. After resistance put the 
sample on the ambient atmosphere of RH gently more than for 30 minutes temperature [ of 25**2 
degrees C ], and humidity 65**10%, it was calculated by 4 terminal method. Moreover, after the TCR 
property put the resistor into the thermostat and put the sample on the temperature ambient atmosphere 
gently more than for 30 minutes, it measured the resistance of 25 degrees C and 125 degrees C, and 
asked for the rate of change. 

[0020] The spalling test which is dependability evaluation criteria had two chambers (-45 degrees C, 
+150 degrees C) beforehand set as predetermined temperature, and inunediately after holding for 30 
minutes to one chamber, the rate of a change in resistance after 500 cycle ********** was evaluated for 
the trial put to the chamber of another side for 30 minutes. Moreover, the elevated-temperature shelf test 
evaluated the rate of a change in resistance after leaving it in the chamber held at 150 degrees C for 1000 
hours. 

[0021] Moreover, the crystal structure was clarified for the alloy layer cross-section section of the 
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produced resistor using X-ray diffractometer. 
[0022] 

[Table 1] 
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[0023] From the result of (Table 1), the resistor film of the example of a comparison produced with the 
conventional structure is understood that connection with an up electrode is inadequate as quality as a 
resistor of which high degree of accuracy and high-reliability are required. It turned out that much 
existence of a glass frit, many openings, etc. will be seen in the interface of a resistor 12 and the up 
electrode 1 1 if cross-section observation of the membraneous quality at that time is carried out, and the 
ebumation by sintering is not fully progressing. 

[0024] It tumed out that the crystal structure without the clear interface which an impurity did not 
intervene smce the interface of the resistive layer 3 produced by this invention approach on the other 
hand and the top-face electrode layer 2 did not contain the glass frit, and was combined by coincidence 
sintering by the metal diffusion of the top-face electrode layer 2 and a resistive layer 3 is realizable. This 
is considered that the thermal stability having a diffusion layer without the interface carried out clearly 
excelled [ thermal stability ] in the dependability side is shown by being spread by coincidence sintering 
in the copper / nickel alloy layer copper or whose silver is a resistive layer. When the metal membrane 
after sintering was analyzed with X-ray diffractometer, it tumed out that uniform copper / nickel alloy 
layer are formed. Furthermore, when membraneous quality was observed with the scanning electron 
microscope, it tumed out that the precise smtering film of an opening which is not almost is obtained. 
[0025] Next, according to the production process Fig. of drawing 2 , the concrete manufacture approach 
of this chip resistor is explained. 

[0026] The resistor constituent into which the ratio of a glass frit was changed was mixed with copper / 
nickel alloy powder by 3 roll mills, and the resistive paste of the viscosity of 200,000-250,000 pascals 
and a second was adjusted (Step 1 ). 

[0027] This paste was screen-stenciled to the alumina substrate, it dried (resistor size: 2mm angle, 
desiccation thickness:40micrometer), the resistor was formed (Step2), copper powder (mean particle 
diameter: 2 micrometers) or silver dust (mean particle diameter: 5 micrometers), and an organic vehicle 
were kneaded by 3 roll mills as a top-face electrode layer, and the electrode paste of the viscosity of 
200,000-250,000 pascals and a second was adjusted (Step3). Desiccation formation (desiccation 
thickness: 30 micrometers) is screen-stenciled and carried out so that it may become the structure which 
carries out field contact on the top face of said resistor as shown in drawing 1 R> 1 using this electrode 
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paste (Step4). Then, under nitrogen-gas-atmosphere mind, it held for 10 minutes, and calcinated at 900 
degrees C, and the resistive layer 3 and the top-face electrode layer 2 were produced (Step5). 
[0028] Subsequently, it applied so that it might become about 50-100 micrometers of thickness to an end 
face using commercial copper electrode paste as an end-face electrode, and it calcinated for 10 minutes 
at 800 degrees C by nitrogen-gas-atmosphere mind, and the end-face electrode layer 5 was formed 
(Step6). After that, by the YAG laser, the epoxy resin paste (Step8) was contmuously carried out and 
(Step?) hardened [ trimming / cutting / printed and ] on the resistive layer as a protective coat in the 
resistive layer 3 (hardening thickness: 40 micrometers and 150 degrees C 30-minute hardening 
mamtenance), and the protective coat layer 4 was produced (Step9). 

[0029] Then, in order to consider as a chip, the design which raises (Step 10 and 1 1) and the solder 
wettability at the time of mounting was carried out by processing the nickel plating 6 and the solder 
plating 7 to an end face. 

[0030] As for the resistor obtained by such manufacture approach, it tums out that it has sufficient 
dependability in heat-resistant properties, such as elevated-temperature neglect and a spallmg test, so 
that clearly from (Table 1). Having the alloyed diffusion layer without having the interface of a metal 
layer clearly as a stable reason in an elevated temperature, and the chip resistor which was excellent in 
thermal resistance with low resistance and a low TCR property since the glass frit which is an impurity 
was not included in a top-face electrode layer were realizable. 

[0031] Moreover, although the temperature coefficient of resistance (TCR property) could be adjusted in 
400-200ppm/degree C by generally changing the alloy ratio of copper/nickel, with the gestalt 1 of this 
operation, it was stopped in the range of 40"20ppm/degree C also including burning-temperature 
conditions, and resistance has also been covered to the low resistance range to lOmohm. And the bond 
strength demanded as a resistor is also excellent. Moreover, also in other reliability evaluation, it had the 
endurance as practically sufficient resistor. 

[0032] In addition, although the resin paste was used with the gestalt of this operation as a protective 
coat, even if it uses the glass paste usually used often, it cannot be overemphasized that the same 
effectiveness is acquired. 

[0033] (Gestah 2 of operation) the alloy powder shown in (Table 2) below - a mixing ratio - the chip 
resistor obtained by carrying out printing baking like the gestah 1 of operation by the firing 
environments which shows the resistive paste adjusted by the same approach as the gestalt 1 of 
operation in (Table 2) is explained using the thing of a presentation. 

[0034] Thus, it evaluated about the temperature coefficient (TCR) of the resistance of the produced chip 
resistor, and resistance, and dependability (elevated-temperature neglect, spalling test). 
[0035] Moreover, after printing using the screen version what was pasted like the alloy powder, the glass 
frit, and the gestalt 1 of operation of an organic vehicle on the substrate 10 with which the up electrode 
1 1 as shown in drawing 13 as an example of a comparison was formed and making it dry for 10 minutes 
at the temperature of 100 degrees C, it heated at 1000 degrees C under N2 ambient atmosphere, and the 
resistor was calcinated. Then, the end-face electrode and the protective coat were formed like the gestalt 
1 of operation, and it considered as the resistor. 

[0036] The evaluation approach of the resistor after baking was also searched for by the same approach 
as the gestalt 1 of operation. The result is shown in (Table 2). 
[0037] 
[Table 2] 
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[0038] The interface of the resistive layer 3 produced by the gestalt approach of this operation and the 
top-face electrode layer 2 has realized the crystal structure without the clear interface which an impurity 
did not intervene and was combined by coincidence sintering by the metal diffusion of the top-face 
electrode layer 2 and a resistive layer 3 so that clearly from (Table 2). This shows the thermal stability 
having a diffusion layer without an interface by coincidence sintering excelled [ thermal stability ] in the 
dependability side. These things show that have low resistance and a low TCR property and the chip 
resistor in which the property excellent in dependability is shown is obtained. 

[0039] In addition, when using a silver electrode, if it is the range whose burning temperature is 600-850 
degrees C, repeatability is good [ if burning temperature is the range which is 600-1000 degrees C when 
using a copper electrode as a top-face electrode layer, repeatability is good about resistance or a 
temperature coefficient of resistance, and ] about resistance or a temperature coefficient of resistance. 
However, since alloying with silver and the copper of a resistive layer takes place at low temperature 
when using a silver electrode, it is seldom raised to an elevated temperature. Moreover, low resistance is 
further realizable by calcinating in reducing atmosphere from the inside of nitrogen-gas-atmosphere 
mind as a fning environments. 

[0040] (Gestah 3 of operation) Drawing 3 shows the cross section of the chip resistor of the gestalt of 
operation of the 3rd of this invention. In this chip resistor, printing baking is carried out with thick-film 
techniques, such as screen-stencil, and the inferior-surface-of-tongue electrode layer 8 is formed in the 
both ends of the pair which counters a substrate at one side of the rectangular substrate 1. the inferior- 
surface-of-tongue electrode layer 8 - as a metal powder - copper or silver dust - using ~ as a glass frit 
- lead borosilicate glass - a metal powder - receiving - 3wt(s)% - the added electrode paste was used. 
Next, with thick-film techniques, such as screen-stencil, as shown in drawing 3 using the resistive paste 
which becomes the alloy presentation shown in (Table 3), printing formation of the resistive layer 3 is 
carried out on the inferior-surface-of-tongue electrode layer 8. Next, printing formation of the top-face 
electrode layer 2 is carried out by the same approach as a resistive layer 3 so that field contact may be 
carried out with a resistive layer 3 to the both ends of the pair which counters a substrate 1 . And it forms 
by carrying out coincidence baking of this resistive layer 3 and the top-face electrode layer 2 in neutral 
atmosphere or reducing atmosphere. Then, formation of a protective coat and an end-face electrode is 
formed by the same approach as the gestah 1 of operation. 
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[0041] The evaluation same also about the temperature coefficient (TCR) of the resistance of the made 
chip resistor and resistance and dependability (an elevated-temperature shelf test, spalling test) as the 
gestalt 1 of operation was carried out. 
[0042] 
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[0043] According to the gestalt of the 3rd operation, it has very low resistance, the resistor which was 
very excellent also in the thermal shock property and the heat-resistant long-term reliability trial is 
obtained, and the dependability of various electrical properties is also excellent so that clearly from 
(Table 3). 

[0044] The resistor produced with the conventional method as an example of a comparison showed the 
inadequate engine performance from a viewpoint of heat-resistant long-term dependability. 
[0045] Since it has the interface by which the top-face electrode layer and the resistive layer were 
alloyed, while having the low resistance and the low TCR property that electrode structure stable in 
heat-resistant property is acquired and realizing very few highly precise chip resistors of a change in 
resistance in heat-resistant long-term dependability according to the gestalten 1-3 of operation as 
mentioned above, the advantageous effectiveness that a resistor can be manufactured cheaply is 
acquired. 

[0046] In addition, the thick film resistor constituent of the gestalten 1-3 of operation is baking in an 
elevated temperature [ semantics / which lowers resistance ] (600-1000 degrees C), and one sort of the 
high-melting glass frit whose glass transition point is 450-800 degrees C especially lead borosilicate 
textile glass yam, and borosilicate zinc textile glass yam, or two sorts or more are suitable for a glass 
frit. Although the value whose temperature coefficient of resistance is generally **400 ppm/degree C 
since the dbection near zero is desirable was chosen from viewpoints, such as engine performance and a 
price, the thing near 10 times was obtained by the price and the engine-performance ratio according to 
the gestalt of this operation. 

[0047] Moreover, the substrate of a glass ceramic system besides an alumina, forsterite, a mullite, and 
alumimium nitride can use it widely that what is necessary is just what can bear the burning temperature 
of 600-1000 degrees C as an ingredient of a substrate. 

[0048] (Gestalt 4 of operation) Drawing 4 is the cross section of the chip resistor in the gestalt of 
operation of the 4th of this invention. In drawing, 3 is a resistive layer and is carrying out printing 
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formation with thick-film formation techniques, such as screen-stencil, using the resistive paste which 
consists of an alloy presentation as shown in (Table 4) to both sides of the rectangular ceramic substrate 
(it is only hereafter called a substrate) 1 . Next, printing formation of the top-face electrode layer 2 is 
carried out by the same approach as a resistive layer 3 so ttiat field contact may be carried out with a 
resistive layer 3 to the both ends of this resistive layer 3, the end-face electrode layer 5 of the shape of a 
KO character of a pair is formed so that a part of top-face electrode layer 2 may be fiirther covered at 
least to the both-sides side of a substrate 1, and coincidence baking of these is carried out in neutral 
atmosphere or reducing atmosphere. 

[0049] Below, the production approach of resistive paste is shown. The copper-nickel system alloy 
powder used as the inorganic composition the mixed fine particles which added glass to this using the 
atomizing powder with a mean particle diameter of 2 micrometers. Moreover, this was made into the 
organic composition at the vehicle using what melted the ethyl cellulose which is an organic binder by 
terpineol. These inorganic compositions and organic compositions were kneaded with 3 rolls, and it 
considered as the resistive paste which forms a resistive layer 3. 

[0050] Next, the production approach of the electrode paste which forms the top-face electrode layer 2 is 
shown. Copper powder made this the inorganic composition using powder with a naean particle diameter 
of 2 micrometers. Moreover, this was made into the organic composition at the vehicle using what 
melted the ethyl cellulose which is an organic binder by terpineol. These inorganic compositions and 
organic compositions were kneaded with 3 rolls, and it considered as the electrode paste for top-face 
electrode layer 2. 

[0051] Below, the production approach of a chip resistor is shown. First, the resistive paste for resistive 
layer 3 was printed to both sides of a substrate 1 (6.4x3 .2mm of 96% alumina substrates), and was dried 
for 10 minutes at the temperature of 100 degrees C. Next, it screen-stenciled and the top face of a 
resistive layer 3 was made to dry the electrode paste for top-face electrode layer 2 so that it may become 
the structure which carries out field contact. Subsequently, it applied so that it might become about 50- 
100 micrometers of thickness to an end face using commercial copper electrode paste as an end-face 
electrode layer 5, and these were calcinated for -10 minutes 900 degrees C in nitrogen-gas-atmosphere 
mind after that, and a chip resistor like drawing 4 was produced. 

[0052] Below, the evaluation approach of a chip resistor is shown. Electrode distance between the top- 
face electrode layers 2 of a chip resistor was set to 4.0mm, the film width of a baking resistor was 
formed by 2.5mm, the probe was fixed to the top-face electrode layer 2, and the resistance between 
terminals was calculated by 4 terminal method. Moreover, the TCR property put the chip resistor into 
the thermostat, measured the resistance of 25 degrees C and 125 degrees C, and asked for the rate of 
change. The change in resistance in elevated-temperature neglect asked for the rate of a change in 
resistance when leaving resin at a coat (about 50 micrometers of thickness), and 160 degrees C for 1000 
hours as a protective layer 1 1 as shown in a baking resistor drawing 10 and 11. 
[0053] Structure was clarified for the cross-section section of the produced chip resistor using the 
scanning electron microscope, the electron probe microanalyzer, and the X-ray microdiffraction meter. 

0054] A result is shown in (Table 4). 
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[0056] According to the chip resistor of the gestalt of this operation, the chip resistor of low resistance, 
low TCR, and high-reliability is obtamed by forming a resistive layer in both sides, and smce the baking 
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particle diameter of a resistor layer is 40 micrometers or less and thickness is moreover 30 micrometers 
or less, trimming by the YAG laser can be performed so that more clearly than (Table 4). Sirice the 
energy of laser will be reflected if it is generally a metallic foil and a metal wire, laser trimming cannot 
be performed, and easy moreover by trimmings, such as sandblasting, highly precise trimming cannot be 
performed, but the chip resistor of the gestalt of this operation is very effective. 
[0057] (Gestalt 5 of operation) Drawing 5 is the cross section of the chip resistor in the gestalt of 
operation of the 5th of this invention. In drawing, 3 is a resistive layer and 8 is the metallic foil 8 (mm 
[ 6.4x3.2 ], thickness = 0.04mm) which consists of an alloy presentation as shown in (Table 5). 
[0058] In addition, production of the resistive paste for resistive layer 3 was performed by the same 
approach as the gestalt 4 of operation. 

[0059] Below, the production approach of a chip resistor is shown. After printing the resistive paste 
which forms a resistive layer 3 first on the metallic foil 8 and drying it for 10 minutes at the temperature 
of 100 degrees C, 900 degrees C was calcinated for -10 minutes in nitrogen-gas-atmosphere mind, and a 
chip resistor like drawing 5 was produced. 

[0060] About the evaluation approach of a chip resistor, it carries out by the same approach as the 
gestalt 4 of operation, and the result is shown in (Table 5). 
[0061] 
[Table 5] 
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[0062] (Gestalt 6 of operation) Drawing 6 is the cross section of the chip resistor in the gestalt of 
operation of the 6th of this invention. In drawing, 3 is a resistive layer, and 8 is a metallic foil as shown 
in (Table 6), and is carrying out printing formation with thick-film formation techniques, such as screen- 
stencil, using the resistive paste which consists of an alloy presentation as shown in (Table 6) to both 
sides of the rectangular substrate 1 . Next, printing formation of the top-face electrode layer 2 is carried 
out by the same approach as a resistive layer 3 so that field contact may be carried out with a resistive 
layer 3 to the both ends of this resistive layer 3, the end-face electrode layer 5 of the shape of a KO 
character of a pair is formed, and coincidence baking of these is carried out in neutral atmosphere or 
reducing atmosphere so that a part of top-face electrode layer 2 may be further covered at least to the 
both-sides side of a substrate 1. 

[0063] In addition, about production of the resistive paste for resistive layer 3, and production of the 
electrode paste for top-face electrode layer 2, it carried out by the same approach as the gestalt 4 of 
operation. 

[0064] Below, the production approach of a chip resistor is shown. The metallic foil 8 (mm [ 3.8x2.3 ], 
thickness = 0.02mm) was made to fix by adhesion etc. first on a substrate 1 (6.4x3, 2mm of 96% alumina 
substrates), the resistive paste which forms a resistive layer 3 on it was printed, and it was made to dry 
for 10 minutes at the temperature of 100 degrees C. Next, it screen-stenciled and the top face of a 
resistive layer 3 was made to dry the electrode paste which forms the top-face electrode layer 2 so that it 
may become the structure which carries out field contact. Next, it applied so that it might become about 
50-100 micrometers of thickness to an end face using commercial copper electrode paste as an end-face 
electrode layer 5, and these were calcinated for -10 minutes 900 degrees C in nitrogen-gas-atmosphere 
mind after that, and a chip resistor like drawing 6 was produced. 

[0065] About the evaluation approach of a chip resistor, it carries out by the same approach as the 

gestalt 4 of operation, and the resuh is shown in (Table 6). 

[0066] 
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[0067] (Gestalt 7 of operation) Drawing 7 is cross section **** of the chip resistor m the gestalt of 
operation of the 7th of this invention. 

[0068] In addition, the gestalt of this operation is replaced with the metallic foil 8 of the gestalt of the 
6th operation, shows the example using the metal wire 9 as shown in (Table 7), and it is constituted so 
that the slit (not shown) prepared on the substrate 1 may be fitted in and loaded, using a thing (diameter 
=0.6nmi and die-length =3.8nun) as a metal wire 9. 

[0069] About the evaluation approach of a chip resistor, it carries out by the same approach as the 
gestah 4 of operation, and the result is shown in (Table 7). 
[0070] 
[Table 7] 
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[0071] (Gestalt 8 of operation) Drawing 8 is the cross section of the chip resistor in the gestalt of 
operation of the 8th of this invention. In drawing, 3 is a resistive layer, and 8 is a metallic foil as shown 
in (Table 8), and is carrying out printing formation with thick-fihn formation techniques, such as screen- 
stencil, using the resistive paste which becomes another one side of the rectangular substrate 1 from an 
alloy presentation as shown in (Table 8). Next, printing formation of the top-face electrode layer 2 is 
carried out by the same approach as a resistive layer 3 so that field contact may be carried out with a 
resistive layer 3 to the both ends of this resistive layer 3, the end-face electrode layer 5 of the shape of a 
KO character of a pair is formed so that a part of top-face electrode layer 2 may be further covered at 
least to the both-sides side of a substrate 1, and coincidence baking of these is carried out in neutral 
atmosphere or reducing atmosphere. 

[0072] In addition, about production of the resistive paste for resistive layer 3, and production of the 
electrode paste for top-face electrode layer 2, it carried out by the same approach as the gestalt 4 of 
operation. 

[0073] The production approach of a chip resistor is shown below. A metallic foil 8 (mm [ 6.4x2.5 ], 
thickness = 0.1mm) is first fixed to one side of a substrate 1 (6.4x3 .2nmi of 96% alumina substrates) by 
adhesion etc., and the resistive paste which forms a resistive layer 3 was printed to the field where a 
metallic foil 8 is opposite, and was dried for 10 minutes at the temperature of 100 degrees C. Next, 
screen-stencil formation was carried out and the top face of a resistive layer 3 was made to dry the 
electrode paste which forms the top-face electrode layer 2 so that it may become the structure which 
carries out field contact. Subsequently, it applied so that it might become about 50-100 micrometers of 
thickness to an end face using commercial copper electrode paste as an end-face electrode layer 5, and 
after that, these were calcinated for -10 minutes 900 degrees C in nitrogen-gas-atmosphere mind, and a 
chip resistor like drawing 8 was produced. 

[0074] About the evaluation approach of a chip resistor, it carries out by the same approach as the 
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gestalt 4 of operation, and the result is shown in (Table 8). 
[0075] 

[Table 8] 
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[0076] (Gestalt 9 of operation) Drawing 9 is the cross section of the chip resistor in the gestalt of 
operation of the 9th of this invention. In drawing, 3 is a resistive layer, and 9 is a metal wire as shown in 
(Table 9), and is carrying out printing formation with thick-film formation techniques, such as screen- 
stencil, using the resistive paste which consists of an alloy presentation as shown in (Table 8) to both 
sides of the rectangular substrate 1. Next, printing formation of the top-face electrode layer 2 is carried 
out by the same approach as a resistive layer 3 so that field contact may be carried out v^th a resistive 
layer 3 to the both ends of this resistive layer 3, the end-face electrode layer 5 of the shape of a KO 
character of a pair is formed so that a part of top-face electrode layer 2 fiirther prepared in the both-sides 
side of a substrate 1 to both sides at least may be covered, and coincidence baking of these is carried out 
in neutral atmosphere or reducing atmosphere. 

[0077] In addition, about production of the resistive paste for resistive layer 3, and production of the 
electrode paste for top-face electrode layer 2, it carried out by the same approach as the gestalt 4 of 
operation. 

[0078] Below, the production approach of a chip resistor is shown. Insertion immobilization of the metal 
wire 9 (diameter =0.6mm, die length = 3.8nmi) is carried out at the slit (not shown) first prepared in one 
side of a substrate 1 (6.4x3. 2nmi of 96% alumina substrates). Next, the resistive paste which forms a 
resistive layer 3 was printed to the both sides, and was dried for 10 minutes at the temperature of 100 
degrees C. Next, screen-stencil formation was carried out and the top face of both the resistive layers 3 
was made to dry the electrode paste which forms the top-face electrode layer 2 so that it may become the 
structure which carries out field contact. Subsequently, it applied so that it might become about 50-100 
micrometers of thickness to an end face using conmiercial copper electrode paste as an end-face 
electrode layer 5, and after that, these were calcinated for -10 minutes 900 degrees C in nitrogen-gas- 
atmosphere mind, and a chip resistor like drawing 9 was produced. 

[0079] About the evaluation approach of a chip resistor, it carries out by the same approach as the 
gestalt 4 of operation, and the result is shown in (Table 9). 
0080] 
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[0081] In addition, although the gestalten 4-9 of operation showed the example which takes the flow of 
an upper rear-face resistor as an end-face electrode layer 5, it is also possible to form a through hole etc. 
in a substrate 1 , to make it bury and flow through a metal paste metallurgy group, and to form a low 
resistor chip resistor. Moreover, while being able to save time and effort, such as adhesion, if irregularity 
(slit) is given to a substrate 1, a metallic foil and a metal wire are fixed to a crevice and a resistor is 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



6/14/2005 



. JP,10-144«01^ PETAILED DESCRIPTION] 



Page 12 of 12 



formed when using a metallic foil or a metal wire, they can certainly be fixed, without using matter 
which affects the property included in adhesives, and it is very effective. 

[0082] Moreover, although the gestalt of this operation explained the example of the trimming by the 
YAG laser, even if it performs trimming by other laser, it is found out experimentally that the case 
where baking particle diameter is especially 40 micrometers or less, and thickness is 30 micrometers or 
less is [ that that the same effectiveness is acquired should just form the thickness of a resistor layer in 
the range in which the trimming by the laser to say is possible needless to say ] desirable. 
[0083] 

[Effect of the Invention] As mentioned above, according to this invention, since junction of a resistive 
layer and a top-face electrode layer is performed by metal junction, the chip resistor which was excellent 
in the high-reliability which it is not placed between the interfaces by impurity which affects a property, 
has the low resistance and the low ICR property of having fully employed the material property of 
copper/nickel alloy efficiently, and was excellent in the heat-resistant property is realizable. 
[0084] Moreover, since it is constituted so that it may be 30 micrometers or less and the thickness may 
be set to 40 micrometers or less in the sintering particle diameter of a baking resistor layer, the trimming 
by laser becomes possible, it becomes possible to perform trimming with a sufficient precision very easy 
moreover compared with polishing by sandblasting etc., and a very cheap and highly precise chip 
resistor can be realized. 



[Translation done.] 
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